As a response to pressure overload, females predominantly develop concentric remodelling, while an eccentric pattern is observed in men. [1] [2] [3] It remains unknown, however, whether hypertensive females are more prone to diastolic dysfunction than male patients. We therefore compared echocardiographic diastolic function, brain natriuretic peptide, and ventricular geometry in 177 male and female untreated elderly hypertensive patients.
Elderly patients aged between 60 and 75 years with untreated essential hypertension (X160/ 95 mmHg) were recruited from a population survey according to a previously described protocol. 4 All subjects had sinus rhythm. The study was approved by the Medical Ethical Committee of the University Medical Center Groningen, The Netherlands, and written informed consent was obtained.
All echocardiographic measurements were made as described previously. 4 To estimate the left ventricular mass (LVM), the formula of Devereux and Reichek was used: Diastolic function was assessed with pulsedDoppler echocardiography. 7 The sampling volume was placed between the tips of the mitral valve leaflets in standard apical view and measurements were taken end-expiratory. Peak early (E) and atrial (A) diastolic filling velocities, deceleration slope (EÀDT) of the early peak filling, isovolumetric relaxation time (IVRT), and left atrial area were measured. For these indices of diastolic function, the mean value of three measurements was used. Diastolic dysfunction was defined as Grade 0: (normal): E/A ratio between 1 and 1.5; and EÀDT between 160 and 220 ms; Grade 1: (impaired relaxation): E/A ratio o1;
Grade 2: (pseudonormalisation): E/A ratio between 1 and 2 and at least two of the three following criteria: (a) EÀDT4220 ms; (b) left atrial area in upper quartile; (c) IVRT4105 ms; Grade 3-4: (severe diastolic dysfunction/restrictive): E/A ratio 41.5 and EÀDT o160 ms.
Global systolic left ventricular function was expressed by fractional shortening (LVEDDÀ LVESD/LVEDD Â 100%). Glomerular filtration rate was calculated by the Cockcroft-Gault formula [(140Àage in years)(weight in kg)]/(72 Â serum creatinine in mg/dl), multiplied by 0.85 in women.
Venous blood samples for measurements of plasma atrial natriuretic peptide (ANP) and B-type natriuretic peptide (BNP) levels were measured after 5 min of rest with specific radioimmunoassays, as previously described. 8 Student's t-test, Fisher's exact test, and w 2 tests were applied for baseline comparisons of males and females. Multiple linear regression was used for analysis of factors predicting the E/A ratio and levels of ANP and BNP. Logistic regression was used for multivariate analysis of factors predicting the presence or absence of diastolic dysfunction. Data are presented as mean (standard error of the mean) and a P-value o0.05 was considered as statistically significant.
Baseline characteristics of the 95 male and 82 female hypertensive patients of the present study are described in Table 1 . Age and both systolic and diastolic blood pressure were similar for male patients and female patients. There were marked echocardiographic differences between male and female patients. Left ventricular end diastolic diameter (LVEDD) and LVMI were both higher in male patients, but wall thickness was similar. Therefore, relative wall thickness was significantly higher in female patients, mainly driven by differences in cavity size.
Overall, diastolic dysfunction (grade 1-4) was present in 158 of the 177 healthy hypertensives (89%). Mean levels of ANP and BNP were 129 and 34 pg/ml in patients with normal diastolic function, and increased to 163 and 35 (grade 1), 207 and 53 (grade 2), and 389 and 68 pg/ml in patients with grade 3 and 4 diastolic dysfunction (ANP: Po0.0001 and BNP: P ¼ 0.0002 between groups). Female patients more often had diastolic dysfunction than male patients (96 vs 83%; P ¼ 0.005), mainly grade 1.
In addition, concentric remodelling was more common in females than male patients (76 vs 43% respectively; Po0.001). In contrast, eccentric left ventricular hypertrophy (LVH) was overall less prevalent, but seemed to be more common in male compared to female patients (9 vs 4% respectively; P ¼ 0.12). Finally, both ANP and BNP were higher in females compared to male patients (Table 1) .
Multiple linear regression analysis demonstrated that female gender was an independent predictor of both a lower E/A ratio (r ¼ 0.24; P ¼ 0.001), increased ANP (r ¼ 0.25; P ¼ 0.0005) and BNP levels (r ¼ 0.19; P ¼ 0.01). Other independent predictors of a lower E/A ratio and increased ANP and BNP levels were age and LVMI.
Logistic regression demonstrated that age (relative risk 1.28/year; 95% confidence limits 1.10-1.50; P ¼ 0.002) and female gender (relative risk 8.1; 95% confidence limits 1.8-37.4; P ¼ 0.007) were the only independent predictors of the presence of diastolic dysfunction.
These results therefore demonstrate that, despite similar age and blood pressure, untreated elderly female hypertensive patients more frequently had signs of diastolic dysfunction, reflected by echocardiography and natriuretic peptides, compared to male patients. In addition, female patients more often had left ventricular concentric remodelling compared to male patients. It should be noted that this increased prevalence of concentric remodelling in females was completely driven by smaller cavity size, while wall thickness was similar.
A similar pattern of an increased prevalence of concentric remodelling in females was demonstrated in elderly patients with aortic stenosis 9 and in patients with isolated systolic hypertension. 1 Interestingly, in the present study, the increased prevalence of concentric remodelling goes together with an increased prevalence of echocardiographically determined diastolic dysfunction. It should be noted, however, that diastolic dysfunction was defined on the basis of rather conservative echocardiographic parameters, and unfortunately we did not have tissue Doppler velocities. We are well aware of the influence of age on these parameters, which explains the high prevalence of diastolic dysfunction in our study population, although age could not explain the gender differences. On the other hand, the increased prevalence of concentric remodelling and diastolic dysfunction in female patients was supported by the increased levels of natriuretic peptides. Yasumoto et al 10 already GFRc ¼ glomerular filtration rate estimated by the Cockcroft-Gault formula.
Research Letter established a strong correlation between natriuretic peptides and left ventricular geometry. The observed differences between female and male patients in the present study might be related to the effects of oestrogen on expression of the myosin heavy chain isoforms and other major structural matrix proteins. 11 Interestingly, the hypertrophic response in chronically volume overloaded female rats was essentially concentric, compared to an eccentric response in rats that were ovariectomized.
In conclusion, in a group of untreated elderly healthy hypertensives, female gender was significantly related to both echocardiographic evidence of diastolic dysfunction, increased levels of ANP and BNP, and concentric remodelling. These gender differences were independent of age, blood pressure, left ventricular dimensions, and left ventricular mass index. Since these conclusions are limited by the small number of patients and the limited echocardiographic data as well as the retrospective design, future studies are needed to confirm the present findings and to examine the potential implications. 
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